Abstract -Given the fact that the installing costs of an optical ground wire on overhead lines directly depend on its crosssection, which in turn depends on the level of fault current it should withstand, in order to reduce these current values in the optical ground wire, I suggested performing its isolated descents from the end towers of the line with its transition to an optical cable. The research was carried out on the example of a 500 kV overhead line in the National Electric Power Grid. The Method of Symmetrical Components for calculating asymmetrical fault currents was not used; therefore, calculations were carried out on the base of presenting the line as a multi-wire system for the considered case as a five-wire system (optical ground wire, steel ground wire, and three phase wires). Such approach allows taking into account the initial asymmetry of the line parameters and modeling any kind of asymmetrical faults. The analyses of calculated results were performed. The conclusive evidence that the optical ground wire isolated descents from the end towers of the line give the possibility of reducing the level of maximal fault current distribution values in it and therefore its cross section, is presented.
I. INTRODUCTION
In recent years, the suspension of optical fiber composite ground wires (the IEEE standard) on overhead power transmission lines (PTL), known as optical ground wires (OPGW), is becoming increasingly popular.
OPGW serves two purposes [1] : 1) to replace a conventional ground wire (GW), to protect the transmission system from lightning, and to serve as a conductive medium for carrying fault currents to ground;
2) to provide telecommunications capacity utilizing optical fibers.
As such, an OPGW cable is required to withstand the effects from installation and long-term in-service exposure to mechanical, electrical, and environmental loads without significant degradation in performance.
In order to withstand the effect of electrical exposure on OPGW, i.e., the thermal effect of currents at asymmetrical faults, it is necessary to test and choose OPGW with proper features on a project stage. The loss of thermal stability of OPGW leads to the damage cause of connection loss. At the same time, the use of OPGW with a large cross section that has high thermal stability all over the length on overhead PTL can lead to unnecessarily increase in the costs of the project, because of the significant dependence of the price of OPGW on its cross section. Also, it can lead to the increase in mechanical loads on the towers, which will require additional costs to strengthen them for the reason of proportional dependence of OPGW mass on its cross section [2] - [4] .
Given the fact that the project costs on installing OPGW directly depend on the OPGW cross-section, which in turn depends on the level of fault current it should withstand, the solution for reducing these current values by performing its isolated descents with its transition to an optical cable from the end towers of the line was studied. It was proved that this solution gives the possibility of reducing the level of fault current distribution values in OPGW and, therefore, also of decreasing its cross section, thus allowing to save the total costs of the project. This approach on the example of the 500 kV PTL Sirdarya-Novoangren in the National Electric Power Grid was implemented and analyzed.
The method of symmetrical components (MSC) for calculating asymmetrical fault currents [5] was not used. The implementation of the MSC requires a strong symmetry of the three-phase system of wires; at the same time, the influence of the factors that violate the initial symmetry of the system by itself requires estimation for using the MSC. These factors are:
− the suspension of different phase wires on towers; − the suspension of GW; − phase wires and GW geometric positions on towers; − the presence of OPGW that has high conductivity. Therefore, fault current calculations were carried out on the base of presenting the overhead PTL as a multi wire system [6] , [7] , where the number of wires in the system is defined by the sum of suspended conductors (wires) that have electromagnetic connection between each other. So, for double-circuit overhead PTL on common towers and with the suspension of one GW, the total number of wires is determined as seven (a seven-wire system). For double-circuit PTL on different towers with the suspension of two GW on each circuit, the line is presented as a ten-wire system. Accordingly, for one circuit PTL without GW, the line is presented as a three-wire system; with one GW -as a fourwire system; and with two GW -as a five-wire system. At the same time, the system characteristics are determined not only by the parameters of wires but also by the geometry of their mutual positions on towers, the ground resistances, and the modes of GW groundings on the different sections of PTL.
The presentation of an overhead PTL as a multi-wire system allows:
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II. THE PRINCIPLE OF FAULT CURRENT CALCULATIONS
The model of an electrical power network for performing the calculations where an overhead PTL is presented as a fivewire system is shown in Fig. 1 .
The overhead PTL was divided into three sections according to the ground characteristics and the types of suspended phase wires on the towers along the whole length of the line (Table I ). GW and phase wire parameters are presented in Table II . The tower type was given also along the whole length of the line; its geometrical dimensions are presented in Fig. 2 . The type of OPGW was given as DABB 12E9/125 AA/ACS 092/44, for steel GW -as PT-70 (PT stands for the type of contact between the layers of wire -Point Touch).
For each of the sections of the overhead PTL, with the help of John R. Carson's equations and their modifications [8] , [9] , the matrices of self and mutual series specific resistances and inductances and self and mutual specific shunt capacitive susceptances, each with the size of 5 × 5, were calculated. These matrices for the first section of the overhead PTL are presented in Table III . The matrices for the second and the third section of the line are not presented as they are too space consuming. The T/D value equal to 0.5 in Table II indicates a solid conductor.
Block matrices of self and mutual series and shunt capacitive admittances for each of spans are calculated according to (1) and (2): 
B
-the matrices of specific self and mutual shunt capacitive susceptances.
For the considered case, mean span lengths were given (Table IV) . (1), (2) (0), (1) 
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The complete cycle of transposition on the overhead PTL was modeled according to [9] . The total number of towers on PTL was given as 346 (not counting substation buses) with the transposition towers Nos 130 and 243, correspondingly.
The values of tower groundings were taken the maximally acceptable in accordance with the soil resistivity of the sections of the line [10] . The reason for taking the maximally acceptable tower groundings was that it allows determining the maximally possible flowing currents in GW.
Therefore, for sections with soil resistivity: 100 < ρ < 500 Ω km, Rg = 15 Ω; 500 < ρ < 1000 Ω km, Rg = 20 Ω; 1000 < ρ < 5000 Ω km, Rg = 30 Ω.
On the bus bars for each of the stations, grounding resistances were given as Rg = 0.5 Ω, and the span length from the end towers to the bus bars was given as L = 50 m. The system equivalent parameters are presented in Table V . 
j21.31 j12.58 n -is the number of wires in the system; m -is the number of nodes (towers) including substations. For fault calculations, the rated type of damage was taken as a single-phase fault. The fault mode was simulated by setting in the corresponding node for the corresponding phase
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GW grounding simulations in the nodes on the overhead PTL were fulfilled by adding the total tower admittance, and its grounding was calculated as
the corresponding element of the GW's self-admittance, in the block matrices of the bus admittance matrix Y in (3) as in [12] .
The isolated descents of OPGW with its transition to an optical cable from the end towers of the line were simulated by setting the value of OPGW grounding admittance, from the corresponding side of a substation -equal to zero.
After forming the bus admittance matrix Y with taking into account GW groundings and the type of fault in the corresponding node, by solving (3), the node voltages were defined. During solution of (3), the sparse structure of the matrix Y allowed operating only with two ribbon-structure matrices (nodal-self admittances, and branch-mutual admittances), which made the algorithm even less computermemory consuming. By calculating the values of the node voltages on wires, the currents in each of the wire directed to both sides from the fault point were defined.
III. ANALYSIS OF THE RESULTS
On the basis of the above described algorithm for the calculation of fault currents in GW/OPGW, the program on MATLAB was written.
In Fig. 3 , the voltages on the faulted wires (phase A and GW/OPGW) when moving the fault point (on towers) across the length of the line on each tower are presented. In Fig. 4 , the fault currents in the phase wires flowing to the short circuit point from the left and right side of it when moving the fault point across the line on each tower are showed.
In Figs 5-8 , the characteristics of current distributions in GW/OPGW when implementing different types of OPGW discents (direct and isolated) from the end towers with stepping movement of the single phase (phase A) fault point across the length of the line are presented
The diagrams in Figs 5-8 show that, after implementing the isolated descents of OPGW from the end towers of the line, the total maximal values of currents in it were decreased.
For more demonstrativeness and ease of analyses, the numerical results for different descents of OPGW are presented in Table VI . For the reason that large currents occur only on distances close to substations, the currents in OPGW only for five spans from each of substations are presented. Fig. 4 . Currents in phase wires with stepping movement of the fault point on the towers across the line (1 -the total fault current flowing to the fault point from both sides; 2 -currents in phase A directed from the side of Novoangren to the fault tower; 3 -currents in phase A directed from the side of Sirdarya to the fault tower). Fig. 5 . The fault current distributions in GW and OPGW with stepping movement of the fault point across the line, when OPGW has direct descents from both ends of the line (1 -currents in OPGW directed to the side of Sirdarya from the fault tower; 2 -currents in OPGW directed to the side of Novoangren from the fault tower; 3 -currents in Steel GW directed to the side of Sirdarya from the fault tower; 4 -currents in steel GW directed to the side of Novoangren from the fault tower). Fig. 6 . The fault current distributions in OPGW with stepping movement of the fault point across the line, when OPGW has isolated descent from the side of Sirdarya and direct descent from the side of Novoangren (1 -currents in OPGW directed to the side of Sirdarya from the fault tower; 2 -currents in OPGW directed to the side of Novoangren from the fault tower). Fig. 7 . The fault current distributions in OPGW with stepping movement of the fault point across the line, when OPGW has direct descent from the side of Sirdarya and isolated descent from the side of Novoangren (1 -currents in OPGW directed to the side of Sirdarya from the fault tower; 2 -currents in OPGW directed to the side of Novoangren from the fault tower). when OPGW is grounded from both ends of the line (Fig. 5) , in spans on approaching to the substation, the highest values of currents in OPGW occurred when they were directed from the fault point to the side of Sirdarya and reached 13.127 kA. The fault current values directed to the side of Novoangren are relatively smaller course of the big impedance to the side of Novoangren. Current values are changed with moving away of the fault point from the terminals of Sirdarya until about the mid of the line. The isolated descent of OPGW (Fig. 6 ) allowed decreasing the fault currents in it to the value of 12.107 kA (1 kA reduced). At that, the influence of implementing the isolated descent of OPGW on the reduction of currents only from the side of Sirdarya from both ends of the line (Fig. 8) is relatively equal.
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− At the side of Novoangren: when OPGW is grounded from both ends of the line (Fig. 5) , in spans on approaching to the substations, the highest values of currents in OPGW occurred when they were directed from the fault point to the side of Novoangren and reached 13.074 kA. The fault current values directed to the side of Sirdarya are a relatively small course of the big impedance to the side of Sirdarya, and current values are changed with moving away of the fault point from the terminals of (Fig. 7) allowed decreasing the fault current in it to the value of 11.947 kA (1 kA reduced). At that, the influence of implementing the isolated descent of OPGW on current reduction only from the side of Novoangren from both ends of the line (Fig. 8) is relatively equal.
IV. CONCLUSION
The isolated descent of OPGW allowed decreasing the values of currents in it -this approach helped to reduce the cross section of OPGW and, as a result, to save costs on the project stage.
The cost of OPGW is defined on the basis of its capability to withstand the fault current thermal effect calculated as t I 2 [13] , [14] , which also depends on the switching time of the fault. In the present case, this time was unknown; therefore, in order to make a comparison, we 0.6 t  s, basing on the time that is required in the case the main breaker cannot switch off the line and the fault is switched off by the reserve breaker [15] .
In our situation, on the side of Sirdarya when OPGW is grounded, 22 13. In this example, only the implementation of the isolated descents of OPGW from the end towers was showed; also, it is possible to implement the descents of OPGW on the towers with high current values in it and to suspend steel GW instead.
When fault current distributions in OPGW were calculated, the type of OPGW was given the same throughout the whole length on the overhead PTL. Therefore, it is necessary to split the line into sections in accordance with the maximal values of the fault current thermal effects on OPGW, taking into account the variant of the selected descents of OPGW from the end towers of the line. On the basis of the calculated values of thermal effect coefficients for those sections of the line, it is needed to repeatedly estimate the selected crosssections of OPGW on fault current thermal effects.
